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Abstract
PURPOSE—In the treatment of uveal melanomas, the optimal prescribed dose to maximize
disease control, but minimize radiation-related complications is unknown. Historically our
institution has treated uveal melanomas to doses less than 85 Gy to the tumor apex even if the
apex was less than 5mm in height. Here, we investigate how tumor control and visual outcomes
are affected by the radiation dose at the tumor apex.
METHODS AND MATERIALS—A retrospective review was performed to evaluate patients
treated for uveal melanoma with Iodine-125 plaques between 1988 and 2010. Radiation dose is
reported as dose to tumor apex and dose to 5 mm. Primary end points included time to local
failure, distant failure, and death. Secondary end points included eye preservation, visual acuity,
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and radiation-related complications. Univariate and multivariate analyses were performed to
determine association between radiation dose and the end point variables.
RESULTS—One hundred ninety patients with sufficient data to evaluate the end points were
included. The 5 year local control (LC) rate was 91%. The 5 year distant metastases (DM) rate
was 10%. The 5 year overall survival (OS) rate was 84%. There were no differences in outcome
(LC, DM, OS) when dose was stratified by apex dose quartile (<69 Gy, 69–81 Gy, 81–89 Gy, >89
Gy). However, increasing apex dose and dose to 5 mm depth were correlated with greater visual
acuity loss (p=0.02, p=0.0006), worse final visual acuity (p=0.02, p<0.0001) and radiation
complications (p<0.0001, p=0.0009). In addition, enucleation rates were worse with increasing
quartiles of dose to 5 mm (p=0.0001).
CONCLUSIONS—Doses at least as low as 69 Gy prescribed to the tumor apex achieve rates of
local control, distant metastasis free survival, and overall survival that are similar to radiation
doses of 85 Gy to the tumor apex, but with improved visual outcomes.
Keywords
uveal melanoma; choroidal melanoma; Iodine-125 brachytherapy; radiation toxicity; enucleation;
dose reduction
INTRODUCTION
Uveal melanoma is the most common primary malignant ocular tumor in adults with an
annual age adjusted incidence of 5.1 per million[1]. In an effort to preserve the globe and
thus vision, brachytherapy and particle beam radiotherapy have been used actively as
alternatives to enucleation. Stallard popularized episcleral brachytherapy in the 1960’s by
utilizing the highenergy isotope cobalt-60[2]. Since that time, low energy photon emitting
isotopes such as iodine-125 (125I) and palladium-103 as well as ruthenium-106, a beta
emitter, have replaced cobalt-60 because these isotopes can be easily shielded thereby
reducing dose to adjacent ocular adnexal structures and personnel.
The Collaborative Ocular Melanoma Study (COMS) Medium-sized melanoma trial was a
North American, multi-institutional, prospective randomized study involving over 1300
patients between 1987–1998, which found that overall survival was similar in patients that
received enucleation compared to those patients that underwent globe preserving therapy
with 125I episcleral plaques[3]. Patients treated with brachytherapy in the COMS protocol
received a minimum tumor dose of 85 Gy delivered 5 mm deep to the inner sclera, or to the
maximum apex tumor height, whichever was greater. The prescription dose of 85 Gy was
chosen based on expert opinion and experience with plaque brachytherapy for uveal
melanoma. Plaque brachytherapy was effective in sterilizing the gross tumor, with local
control being achieved in about 90% of patients. However, radiation-induced ocular injury
was not uncommon and necessitated enucleation in about 5% of patients. Further, among
patients retaining their eye, at 3 years post-brachytherapy, 49% of patients had lost six or
more lines of visual acuity from baseline, presumably from late radiation toxicity to the
retina and optic nerve[4]. Given the high rate of local control, but relatively high rate of
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toxicity, it is reasonable to consider if a lower radiation dose might yield a more favorable
therapeutic ratio.
Few reports have directly compared different radiation doses for ocular melanoma. A
randomized study of proton beam radiotherapy evaluating 50 vs. 70 cobalt gray equivalents
(CGE), each delivered in 5 fractions over 7 days, showed a lower rate of visual field loss in
the lower-dose group, but no difference in loss of visual acuity[5]. Tumor control was
similar in both arms with only 2–3% of patients experiencing local recurrence and about 7–
8% of patients with distant metastases at 5 years after irradiation[5]. Utilizing 125I plaque
brachytherapy, retrospective analyses suggest that prescribed doses lower than in the COMS
group trial can achieve similar rates of disease control with lower rates of radiation
toxicity[6,7]. At our institution, we have prescribed doses ranging from 63–85 Gy to the
tumor apex even when tumors were < 5 mm in height. A lower prescription dose prescribed
to a shorter height results in a lower total radiation dose to the tumor apex as well as to the
normal structures in the eye (Supplemental Figure e1). Here, we report outcomes for this
treatment approach in 190 patients with 125I plaque brachytherapy.
METHODS AND MATERIALS
Treatment Method
As part of an Institutional Review Board-approved study, the records of patients treated at
Duke University Medical Center for primary uveal melanoma of the choroid and/or ciliary
body with 125I eye plaque brachytherapy between 1988–2010 were retrospectively
reviewed. Patients were identified for review and potential inclusion in the study through the
Duke Radiation Oncology Database and the Duke Tumor Registry. Patients were excluded
from review if they had tumors involving the iris (as in the COMS study[8]), had metastatic
or recurrent disease at presentation, or had incomplete data to review for inclusion in the
study. Patients with less than 1 year of follow up were excluded unless they met one of the
primary endpoints within the first year.
All patients were initially evaluated and diagnosed with uveal melanoma by an
ophthalmologist with expertise in ocular oncology (J.J.D, E.G.B., and P.M.). Each study
patient underwent a comprehensive baseline ophthalmic evaluation with measurement of
visual acuity (Snellen or ETDRS acuity), complete anterior and posterior segment
examination and ancillary testing, when appropriate, that included fundus photography,
fluorescein angiography, and A and B-scan ultrasonography. Tumor height and diameter
were determined clinically and confirmed with fundus photographs and standardized
echography. A baseline systemic evaluation to exclude metastatic disease included liver
function tests, chest X-ray or chest CT, and focal imaging of the abdomen with either
abdominal/pelvic CT or ultrasound.
Our institution was a COMS group trial participant and under that guidance, episcleral
plaques were obtained and utilized per the COMS group specifications that have been
previously published[8]. Notched, ciliary, and circular rimmed plaques with diameters of 12,
14, 16, 18, and 20 mm were used with Silastic seed carriers carrying 8, 13, 13, 21, and
24 125I seeds in a predesigned pattern, respectively. 125I seeds (Model 6711) were obtained
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on an individual basis from Oncura manufactured by Medi-Physics, Inc. (Arlington Heights,
IL). Plaques were chosen to provide a 2 mm margin around the tumor edge (i.e. 4 mm larger
than the maximal tumor diameter), but a 20 mm plaque was used for 4 patients with a tumor
diameter greater than 16 mm. Preplanning and seed activity verification was performed prior
to each plaque placement. Intraoperative tumor localization (via direct visualization or
transillumination) was followed by dummy plaque placement to ensure adequate tumor
coverage prior to suturing of the radioactive plaque. Following the duration of prescribed
plaque dwell time, typically approximately 120 hours, plaques were removed again in the
operating room.
Our series included patients that were, and were not, on the COMS study and our prescribed
doses, and dose prescription points, varied over time. For patients enrolled on the COMS
protocol, the COMS prescription recommendations were followed. Prior to participating in
the COMS trial, doses less than 80 Gy were generally prescribed to the tumor apex
irrespective of the tumor height. Following the COMS trial publication, doses between 80–
85 Gy were utilized although the prescription height was maintained at the tumor apex
height. Similarly, patients on the COMS study had follow-up evaluations as dictated by the
study. Those patients not on study had similar follow up evaluations. Typically, patients
returned for follow-up with the ophthalmologists within 1-week post removal of the plaque,
then generally every 3 months for the first year, every 6 months for 2 years, and then yearly
thereafter. Examinations included a full ophthalmologic exam with visual acuity testing,
retinal examination, and ancillary testing including standardized echography. In addition,
liver function testing and surveillance imaging was performed yearly or as clinically
indicated.
Dose Calculations and Conversions
For the purposes of this study, when the prescription height was different than the apex
height, the dose at the tumor apex was calculated and reported here. We initially followed
the original dose calculation formalisms adopted by COMS in 1986. In 1996 COMS adopted
the recommendations of the Radiation Therapy Committee of the American Association of
Physicists in Medicine (AAPM) Task Group # 43(TG-43)[9] in anticipation of a revised
calibration standard for 125I seeds. Dosimetry calculations with the newer data resulted in a
significant change to the stated dose. Recalculations suggested that the original calculations
were overestimated by as much as 15% [10]. These recalculations resulted in a reported
reduced absorbed dose at the prescription point. We did not adopt the TG-43 formalism until
November of 1997. Therefore, dose data from patients treated prior to this, were
recalculated using the TG-43 recommendations[9]. Dose and dose rates reported here utilize
the TG-43 assumptions therefore lending themselves to direct comparison of the COMS
group data. Supplemental Table e1 outlines how dose was recalculated to assure similar
comparisons across different prescribing practices and dose calculation eras. For tumor
control endpoints, we compare dose delivered to the tumor apex. For toxicity endpoints, we
describe dose delivered to the tumor apex, sclera, and dose to 5 mm depth beyond the sclera.
We selected dose to 5 mm to serve as a normalization point for comparing dose to normal
tissues between patients because it was the minimum prescription depth for patients in the
COMS study.
Perez et al. Page 4






















Endpoints and Statistical Analysis
Visual acuity was collected at baseline and at the date of last follow-up. Data related to the
endpoint variables were collected by retrospective evaluation of the clinical charts or
through the Duke Tumor Registry. Other data extracted from the chart included patient age,
basal tumor dimensions and apex tumor height, tumor location by quadrant and anterior/
posterior location, prescription height and dose, and plaque size, shape and seed strength to
recalculate apex dose.
Primary end points included time from plaque placement until local failure, distant failure,
and death. Local failure was defined as secondary enucleation due to tumor growth,
regrowth after an initial period of tumor regression requiring adjuvant laser therapy, or a
lesion without any size regression after treatment when the follow-up period was at least 6
months. Distant failure was defined as the first occurrence of metastatic disease diagnosed
by surveillance imaging or clinical examination. Combined failure was defined as both local
and distant failure and such patients were analyzed in both the local failure and distant
failure analyses. Secondary end points included time to eye preservation, visual acuity, and
radiation complications including retinopathy, optic neuropathy, cataract, neovascular
glaucoma, and keratopathy. Change in visual acuity was measured as lines of visual acuity
lost.
Life table analysis with the log-rank test[11] was used to identify characteristics that were
associated with the outcomes. For the purposes of this study, apex dose was divided into
quartiles (1st- <69 Gy; 2nd- 69–81 Gy; 3rd-81–89 Gy, 4th- >89 Gy) to evaluate the effect of
varying dose on study endpoints. Dose to 5 mm depth was also divided into quartiles (1st-
<53 Gy; 2nd- 53–66 Gy; 3rd-66–85 Gy, 4th- >85Gy). Univariate and multivariate analyses on
characteristics associated with the end point variables were performed using the Cox
proportional hazards model[12]. Variables that were identified as significant on univariate
analyses were entered in the multivariate analyses. Visual acuity statistics utilized analyses
of variance, contingency tables, and two sided student’s t-tests as appropriate to evaluate
significance.
RESULTS
Patient, tumor, and dose characteristics
One hundred ninety patients with primary unilateral uveal melanoma were included. Patient
and tumor characteristics are described in Table 1. Most of the tumors included in the study
were Medium sized according to the COMS staging system [13]. The median tumor apex
height was 3.9 mm (range 1.5–10.8 mm, interquartile range 3–5.4 mm) and the median
maximal tumor diameter was 11.0 mm (range 4.7–17.5 mm, interquartile range 9.5–13 mm).
There was no difference in tumor height (p=0.20) or maximum basal tumor diameter
(p=0.09) by apex dose quartile. The majority of tumors were located in the posterior pole
(71%) and temporal hemisphere (66%). The median total dose delivered to the apex of the
tumor (as computed for this current analysis) was 81.0 Gy (range 51.0 – 180.1 Gy,
interquartile range 68.7–89.0 Gy). The median duration in years (range; interquartile range)
of follow-up was 4.1 (0.1–19.3; 2.4–5.9) for the local failure analysis, 4.3 (0.3–19.3; 3.0–
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6.2) for the distant failure analysis, and 5.9 (0.8–22.3; 4.2–10.7) for the overall survival
analysis.
Local Failure
Local failure was noted in 17 (9%) patients. Four (2%) patients experienced both local and
distant failures. Two of these patients with combined failure were diagnosed concurrently
with local and distant failure and two patients developed distant failure subsequent to local
failure. The five-year actuarial freedom from local failure rate was 91% (Figure 1A). Among
the 17 patients with local failure, 7 (41%) were managed with transpupillary thermal therapy
(TTT), 6 (35%) underwent enucleation, 1 (6%) underwent treatment with proton
radiotherapy, 1 (6%) received TTT followed by proton beam radiotherapy, 1 (6%) was
referred to an ocular oncologist at another institution, and 1 (6%) received no local treatment
due to concurrent active brain metastases at the time of presentation. Among the 6 patients
undergoing enucleation for local failure, the presence of tumor was confirmed by pathology
in all patients. There was no difference in time to local failure by apex dose quartile (p=0.26,
Figure 1A). The crude local failure rates by apex dose quartile were 6%, 11%, 15% and 4%.
Among tumors with height ≥ 5 mm (n=60), there was no difference in rate of local failure by
apex dose quartile (Supplemental Figure e2A). On univariate analysis, no tested variables
were associated with local failure (Table 2).
Distant Failure
Twenty three (12%) patients were noted to have a distant failure. The five-year actuarial
freedom from distant failure was 90% (Figure 1B). Among the 23 patients with distant
failure, 19 patients were deceased at the time of data collection with a median survival after
distant failure of about 4.9 months (range 0–42 months). Four patients were still living with
a median follow up after distant failure of 30.0 months (range 4–111 months). Only 1 patient
had documented survival longer than 5 years after diagnosis of distant metastatic disease.
When grouping the treated tumors by apex dose quartile there was no relationship between
dose at the tumor apex and the likelihood of distant failure (p=0.78, Figure 1B). Among
tumors with height ≥ 5 mm, there was no difference in metastasis free survival by apex dose
quartile (Supplemental Figure e2B). Of 42 patients with tumors located in the
superotemporal quadrant, 12 (29%) experienced distant failure. On univariate analysis larger
maximum basal tumor diameter (MBTD) (p=0.03) and tumor location by quadrant (p=0.03)
were associated with distant failure. On multivariate analysis, greater MBTD and tumor
location by quadrant were not significantly associated with greater risk of distant failure
(p=0.12, p=0.07, Table 2).
Overall Survival
The 5 year overall survival rate was 84% (Figure 1C). There was no significant relationship
between tumor apex dose and likelihood of overall survival when the tumors were
distributed and evaluated by quartile, though there was a trend towards the highest quartile
(>89 Gy) being less likely to survive over time (p=0.13, Figure 1C). Similarly, larger tumors
(≥ 5 mm height) treated in the highest apex dose quartile appeared to have worse survival
outcomes (p=0.04, Supplemental Figure e2C). On univariate analysis, older age at procedure
(p<0.01), larger maximum basal tumor diameter (p<0.01), and higher apex dose (p=0.03)
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were associated with worse overall survival (Table 2). On multivariate analysis accounting
for age at procedure and maximum basal tumor diameter the relationship between decreased
overall survival and higher dose to the tumor apex remained significant (p=0.02, Table 2).
Eye Preservation
Eleven (6%) patients underwent enucleation. The five-year actuarial freedom from
enucleation rate was 93% (Figure 2B). Enucleation was performed in 6 of 11 patients due to
local failure, in 4 of 11 due to the development of a blind, painful eye, and in 1 of 11 due to
media opacity causing inadequate visualization for monitoring in an eye with poor vision.
The crude enucleation rates by apex dose quartile were 2%, 4%, 6% and 11% (p=0.35,
Figure 2A), respectively. To compare radiation dose to normal tissues across patients, dose
to 5 mm depth beyond the sclera was also evaluated. The crude enucleation rates by 5 mm
dose quartile were 0%, 2%, 2% and 19% (p=0.0001, Figure 2B). On univariate analysis,
higher dose to the tumor apex (p<0.01, Table 3), to 5 mm depth (p<0.01, Supplemental
Table e2) and to the sclera (p<0.01, Supplemental Table e3) were all associated with time to
enucleation. Additionally, greater tumor height was associated with time to enucleation on
univariate analysis (p=<0.01, Table 3). Finally, anterior tumor location was associated with
increased risk of enucleation (p=0.03, Table 3) as 3 of 11 tumors requiring enucleation were
located in the ciliary body (n=15, Table 1). On multivariate analysis accounting for tumor
height and anterior to posterior location, the relationship between enucleation and higher
dose to the tumor apex (p<0.01, Table 3), to 5 mm depth (p<0.01, Supplemental Table e2),
and to the sclera (p<0.01, Supplemental Table e3) remained significant.
Radiation Complications
The 5 year actuarial risk of documented treatment complication was 73%. The risk of any
treatment complication was significantly associated with increasing quartiles of dose to the
tumor apex (p<0.0001, Figure 2C) and dose to 5 mm (p=0.0009, Figure 2D). Univariate
analyses showed that greater tumor height (p<0.01, Table 3) as well as higher apex dose
(p<0.01, Table 3), 5 mm dose (p<0.01, Supplemental Table e2), and scleral dose (p<0.01,
Supplemental Table e3) were associated with time to radiation complication. Multivariate
analyses confirmed associations between time to radiation complication and tumor height
(p<0.01, Table 3), higher apex dose (p<0.01, Table 3), 5 mm dose (p<0.01, Supplemental
Table e2), and scleral dose (p=0.03, Supplemental Table e3). Times to each individual
radiation complication (radiation retinopathy, optic neuropathy, cataract, neovascular
glaucoma, and keratopathy) were also evaluated separately by quartiles for apex dose
(Supplemental Figure e3) and 5 mm dose (Supplemental Figure e4). The most common
radiation complications were radiation retinopathy and cataract formation.
Visual Outcomes
Mean pre-operative visual acuity was 20/37 and final visual acuity was 20/160 (p<0.0001).
Increasing 5 mm dose quartiles were associated with greater worsening of visual acuity
(p=0.0005, Figure 3B). Ninety-three (49%) patients lost 3 or more lines of visual acuity
from baseline to last follow-up. Increasing apex dose quartile was associated with likelihood
of 3 or more lines of worsened visual acuity (p=0.04, Figure 3C-left). Mean apex dose was
84.9 Gy in eyes with 3 or more lines of vision loss versus 79.8 Gy in eyes with less than 3
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lines of vision loss (p=0.02, Figure 3C-right). Increasing 5 mm dose quartile was also
associated with likelihood of 3 or more lines of vision loss (p=0.0003, Figure 3D-left). A
higher mean 5 mm dose was again observed in patients with loss of 3 or more lines of visual
acuity compared to patients with loss of less than 3 lines of visual acuity (83.5 Gy vs. 66.7
Gy; p=0.0006, Figure 3Dright). Mean apex dose was 85.9 Gy in eyes with final visual acuity
of 20/200 or worse versus 79.9 Gy in eyes with final visual acuity of 20/200 or better
(p=0.02, Figure 3E-right). Similarly, when assessing the impact of dose at 5 mm on visual
acuity using the 20/200 cut off, there was a significant association between risk of visual
acuity greater than 20/200 and increasing apex dose quartile (p=0.0002, Figure 3F-left). A
mean 5 mm dose of 88.5 Gy was seen in the group with worse vision compared to 66.1 Gy
in the group with better than 20/200 vision (p<0.0001, Figure 3F-right).
DISCUSSION
We have performed a retrospective analysis on a series of 190 patients with uveal melanoma
treated with episcleral 125I brachytherapy with doses ranging from less than 65 Gy to greater
than 85 Gy to the tumor apex. In our study, we found no relationship between dose delivered
to the tumor apex and local tumor control or distant metastases. Compared to the COMS
trial in which patients received 85 Gy to a minimum of 5 mm height with 5-year rates of
local control and overall survival of 90% and 81%, respectively [3], in our retrospective
series, we observed similar rates of local control and overall survival despite a generally
lower prescribed dose of radiation therapy to the tumor apex, which was often less than 5
mm. By stratifying patients into quartiles based on dose delivered to the tumor apex or to 5
mm, we identified a significant relationship between radiation dose and ocular toxicity. The
increased risk of enucleation among tumors receiving higher radiation doses and tumors in
the ciliary body may be related to radiation-induced scleral melt and ischemia, which is
more prevalent among tumors treated with higher scleral dose, with increasing thickness,
and with peripheral choroidal or ciliary body location[14]. These results suggest that treating
ocular melanomas with a dose to the tumor apex less than 85 Gy can achieve high rates of
local control while better preserving visual function. This may be particularly important for
patients with a tumor apex height of less than 5 mm. In the COMS study, all of these
patients received 85 Gy prescribed to 5 mm height. By prescribing a lower radiation dose to
a point less than 5 mm, the dose to 5 mm height will be substantially less than 85 Gy (see
schematic, Supplemental Figure e1). Our results indicate that this will translate into a lower
rate of eye enucleation and radiation retinopathy with improved visual acuity outcome.
Paradoxically, patients treated with the highest dose to the tumor apex had worse overall
survival as measured by all-cause mortality. We did not assess disease specific mortality
because this outcome was not available for most patients. It is unclear whether the increased
mortality observed in patients with the highest radiation dose delivered to the tumor apex is
a consequence of an unanticipated systemic effect of treatment or more likely a Type I error
of the statistical analysis. Regardless of the explanation, this finding further supports
utilizing a lower prescription dose to the apex of uveal melanomas for 125I brachytherapy.
The results from our study are consistent with several other studies where excellent results
of tumor control have been reported with radiation doses that are lower than those used in
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the COMS study (Supplemental Table e2) [5–7]. Compared to higher doses of radiation
therapy, previous studies have shown that lower doses of radiation for the treatment of uveal
melanoma have correlated with lower rates of visual field loss, radiation retinopathy,
radiation optic neuropathy, and visually significant cataract formation[5,7]. Our study
similarly showed that patients who received radiation doses in the lower quartiles had more
favorable enucleation rates, better visual acuity, and fewer radiation complications. This was
true whether we analyzed dose delivered to the tumor apex or to 5 mm.
Murray et al retrospectively evaluated 95 patients and noted a lower incidence of radiation
complications with a strategy of prescribing to the tumor apex rather than a uniform 5 mm
for tumors with less than 5 mm of height[7]. Other studies of radiation toxicity with 125I
brachytherapy for uveal melanomas indicate that radiation dose to the macula may be
associated with poorer post-treatment visual acuity [15,16]. Therefore, to minimize the
potential loss of visual acuity following episcleral 125I brachytherapy, for tumors in close
proximity to the macula, it may be important to prescribe a dose of less than 70 Gy to the
tumor apex regardless of height. Prescribing this lower dose may be particularly important
for patients with poor contralateral eye visual acuity where preserving visual acuity in the
treated eye is of critical importance. Our results indicate that such an approach is unlikely to
adversely affect tumor control. However, if a lower prescription dose is utilized, then we
recommend intraoperative plaque localization with ultrasound should be used to confirm
adequate apposition of the plaque to the sclera to prevent sub-optimal dosing to the tumor
apex [17].
As with any retrospective study, there are limitations to interpretation of our reported
findings. Data collected is only as robust as the documentation available in the clinic charts
and the Duke Tumor Registry. In some cases patients elected to receive follow up care with
an ophthalmologist outside of the Duke Eye Center and for these patients limited data is
available on their treatment outcomes. Therefore, the rates of local control, distant
metastasis free survival and overall survival might be considered optimistic estimates since
some patients may have experienced an event that was not recorded in our records.
However, the length of follow up is actually most robust for those patients treated in the
lowest dose quartile. Therefore any possible bias related to lost follow up would favor the
higher dose quartiles with shorter follow up. This further supports our conclusions that those
patients in the lower dose groups are unlikely to have worse outcomes.
In summary, in this retrospective analysis of 190 patients with uveal melanoma treated with
episcleral 125I brachytherapy with doses ranging from less than 65 Gy to greater than 85 Gy
to the tumor apex, we did not observe changes in local control or distant metastasis
according to the dose prescribed to the apex. However, we did observe a significant increase
in clinically meaningful ocular complications for patients treated with the upper quartiles of
our dose range. Based on the results reported here, as well as reports from other series
utilizing lower prescription doses [6,7], we propose a prospective multi-institutional study
with well-coordinated long term follow up to evaluate rates of tumor control and ocular
toxicity with lower prescription dose to the tumor apex. The cost and complexity of a
randomized non-inferiority study would be significant; however a single-arm non-
randomized study prescribing lower dose to the tumor apex to evaluate outcomes may be
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more feasible. In the absence of data from a prospective trial, the available retrospective data
from our study and from other investigators support prescribing a lower dose (i.e. 70 Gy) to
the tumor apex to treat uveal melanomas with 125I brachytherapy, particularly when the
contralateral eye has poor visual function.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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This retrospective study evaluates 190 patients with uveal melanoma prescribed I-125
plaque radiotherapy at varying doses (63–85 Gy). Increasing apex and 5 mm dose were
correlated with greater visual acuity loss and radiation complications with no effect on
tumor control outcomes. The Collaborative Ocular Melanoma Study Group (COMS)
previously established 85 Gy to the tumor apex or 5mm whichever is greater as standard
prescribing practice. This study supports a prospective trial evaluating lower prescription
doses.
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Figure 1. Treatment Outcomes with I-125 Plaques Among 190 Patients with Uveal Melanoma
(A) Local Failure Free Survival by Apex Dose Quartile (B) Metastasis Free Survival by
Apex Dose Quartile (C) Overall Survival by Apex Dose Quartile
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Figure 2. Eye Preservation and Radiation Treatment (RT) Complications with I-125 Plaques
Among 190 Patients with Uveal Melanoma
(A) Enucleation Free Survival by Apex Dose Quartile (B) Enucleation Free Survival by 5
mm Dose Quartile (C) Any Radiation Related Toxicity Free Survival including retinopathy,
optic neuropathy, cataract, neovascular glaucoma, and keratopathy by Apex Dose Quartile
(D) Any Radiation Related Toxicity Free Survival by 5 mm Dose Quartile
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Figure 3. Visual Acuity with I-125 Plaques Among 190 Patients with Uveal Melanoma
(A) Visual Acuity Loss by Apex Dose Quartile (B) Visual Acuity Loss by 5 mm Dose
Quartile (C) Risk of greater than or equal to 3 lines of visual acuity loss by apex dose
quartile (left) and apex dose among patients with less than 3 lines of visual acuity loss
compared to greater than 3 lines of visual acuity loss (right) (D) Risk of greater than or equal
to 3 lines of visual acuity loss by 5 mm dose quartile (left) and 5 mm dose among patients
with less than 3 lines of visual acuity loss compared to greater than 3 lines of visual acuity
loss (right) (E) Risk of final visual acuity worse than or equal to 20/200 by apex dose
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quartile (left) and apex dose among patients with visual acuity better than 20/200 compared
to worse than or equal to 20/200 (right) (F) Risk of final visual acuity worse than or equal to
20/200 by 5 mm dose quartile (right) and 5mm dose among patients with visual acuity better
than 20/200 compared to worse than or equal to 20/200 (right)
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Table 1






















ciliary body 15 (8)
equator to ora serrata 39 (21)
posterior to equator not involving macula 52 (28)
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Table 3
Univariate and Apex Dose Multivariate Analysis of Factors associated with Radiation Toxicity and
Enucleation









Age at Procedure 0.46 --- 0.66 ---
Tumor Location Anterior to Posterior (ciliary body, ora to equator, posterior to
equator not involving macula, posterior to equator involving macula)
0.26 --- 0.03* 0.09
Tumor Location by Quadrant (superotemporal, inferotemporal, superonasal,
inferonasal)
0.17 --- 0.90 ---
Involving Macula 0.14 --- 0.42 ---
Tumor Height (mm) <0.01* <0.01* <0.01* <0.01*
Maximum Basal Tumor Diameter 0.37 --- 0.12 ---
Apex Dose (cGy) <0.01* <0.01* 0.03* <0.01*
*
significant at p<0.05
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